In accordance w ith a reso lu tio n of C ouncil, su m m a r ies or a b stra cts of papers are to be p u blish ed as soon as practicable. T he p u b lica tion of su ch ab stracts in no w ay in d icates that the papers have been accepted for publication in any fuller form . T h ese a b stracts are issu ed for convenience w ith the " P roceed in gs of the R oyal Society of L on d on " but do not form a part of the " P r o c e e d in g s" .
T he m orphological a n d histological changes in th e cuticle d u rin g th e fo rm a tio n of th e p u p a riu m in cyclorrhophous flies are described. T he p u p a l c o n tra ctio n , resu ltin g in th e b arrel shape of th e p u p a riu m , is b ro u g h t a b o u t b y m u scu lar actio n . I f th e c e n tr a l n erv o u s system is se p a ra te d from th e m uscles, a p u p a riu m is form ed reta in in g th e sh ape of th e larv al cuticle. D urin g th e conversion of th e la rv a l cuticle in to th e p u p a riu m th e following physical a n d chem ical processes ta k e place:
(a) T he arran g e m en t of th e c h itin cry stallites changes from ran d o m o rie n ta tio n in p lanes parallel to th e surface to a n a rran g e m en t in th e w h ite p u p a cuticle an d p u p ariu m w here th e y lie ap p ro x im ate ly parallel to th e tran sv e rse axis.
(b) I n th e la rv al a n d w h ite p u p a cuticles th e ch itin cry sta llites can be ro ta te d in a n y d irection b y forces of com pression or extension. T his freedom o f ro ta tio n is lost in th e h a rd brow n p u p ariu m .
(c) T he swelling pow er of th e p u p a riu m is v ery considerably less th a n th a t of la rv a l or w hite p u p a cuticles. Tn th e p u p a riu m it is a b o u t th e sam e as in purified c h itin itself.
(d) T he d ry w eight of th e p u p ariu m increases to a b o u t 1 2 5 % of th a t of th e larv al cuticle.
(e) T here is a m a rk e d decrease in th e w ate r c o n te n t of th e cuticle. T his d eh y d ra tio n is reg arded as having a chem ical basis.
( / ) T he la rv al cuticle contains ab o u t 60 % ch itin a n d th e p u p ariu m a b o u t 47 % ch itin . D uring th e fo rm atio n of th e p u p ariu m th e ab so lu te a m o u n t of c h itin rem ain s unchanged.
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I t is considered t h a t th e w hole o f th e n o n -ch itin o u s su b sta n c e in th e la rv a l cuticle consists o f p ro te in w hich is c o m p a ra tiv e ly w ate r-so lu b le in th e la rv a l cu ticle a n d w ater-in so lu b le in th e p u p a riu m . T h is p ro te in , for w hich th e n am e " in s e c tin " is p roposed, show s p ec u lia r p ro p ertie s. I t is c h a ra c te riz e d b y h ig h so lu b ility in h o t w a te r a n d a fte r being p re c ip ita te d in tric h lo ra c e tic ac id it redissolves on h ea tin g .
T he h ard e n in g of th e p u p a riu m ca n be a ttr ib u te d to th e follow ing: th e h ig h e r degree o f c h itin o rie n ta tio n ; th e closer p ac k in g b y d e h y d ra tio n o f th e su b stan ce s w hich form th e p u p a riu m ; th e increasing in so lu b ility o f th e p ro te in ; th e loss o f sw elling pow er in th e p u p a r iu m ; th e ch an g e fro m a d isp ersed p h ase o f c h itin in p ro te in to a cond ensed ch itin -p ro te in associatio n . A ccording to th e X -ra y ev idence th is seem s to co nsist o f a m ix e d cry sta lliz a tio n o f c h itin a n d p ro te in .
I t is n o t necessary to p o s tu la te th e existen ce o f special in c ru sta tio n s, a n d th e te rm " c h itin iz a tio n " , h ith e rto o ften u se d for describ in g th e process o f h a rd e n in g in th e in sect cuticle, is m isleading.
Relaxation methods applied to engineering problems. VI. The natural frequencies of system s having restricted freedom. By A. P ellew and R . V. Southwell, F .R .S . (Received 12 January 1940.) I n th is p a p e r re la x a tio n m e th o d s are a p p lie d to th e difficult p ro b lem o f d eterm in in g th e n a tu ra l m odes a n d frequencies o f a sy stem h av in g re s tric te d b u t co n sid erab le freedom (i.e. w here th e in d e p e n d e n t co -o rd in ates n u m b e r six or m ore). A th e o re m p u b lish ed re c e n tly is u se d to im pose low er lim its on th e w a n te d freq u en cy , a n d u p p e r lim its are ca lc u la te d on th e basis o f " R a y le ig h 's p rin c ip le " . I n th e " liq u id a tio n " process th e se u p p e r a n d low er lim its converge ste a d ily , a n d w h en th e y h av e becom e closely co in cid en t b o th th e fre q u en cy a n d th e asso ciated m o d e (which " R a y le ig h 's p rin c ip le " does n o t d eterm in e ) a re given w ith sufficient a c cu rac y for all p ra c tic a l purposes.
A n ex am p le tr e a te d in d e ta il re la te s to u n d a m p e d to rsio n a l v ib ra tio n s o r (by m a th e m a tic a l analogy) to tra n sv e rse v ib ra tio n s o f a te n sio n e d strin g . C oncluding sections in d ic ate som e im m ed ia te ex ten sio n s o f th e m e th o d , viz. (a) to v ib ra tin g sy stem s w hich are e n tire ly u n c o n stra in e d , (b) to d issip ativ e sy stem s in w hich th e d am p in g forces (as is u su a l in p rac tice ) are re la tiv e ly sm all, (c) to co n tin u o u s sy stem s, for w hich th e m e th o d is an a lte rn a tiv e to th a t g iv en in P a r t IV o f th is series. A n in d iv id u al o f Nasutiterrnes (N asutiterm es) guayanae (H olm gren) in th e T erm itid a e, rep rese n tin g th e only k n ow n te rm ite in te rc a ste co m bining in tim a te ly m a n y im p o rta n t fea tu re s o f tw o castes, w as fo u n d in T rin id a d , B .W .I., in M arch 1937. T he h ea d is soldier-like in m o st fea tu re s, b u t h as co m p o u n d eyes, ocelli a n d som e o th e r c h a ra c te rs of th e rep ro d u ctiv e caste. T he p ro n o tu m is in te rm e d ia te betw een th a t of th e soldier a n d th e reproductive castes; th e w ing-buds are som ew hat like those o f a reproductive n ym ph, except th a t th e pigm entation approaches th a t of an imago.
New termite intercastes
Two soldiers of Microcerotermes arboreus E m erson, also in the Term itidae, w ith wing-buds, abnorm ally large vestigial eyes, a n d w ith th e pronotum interm ediate betw een those o f th e soldier an d reproductive castes, were found in an observation colony, in T rinidad, in Ju n e 1937.
Previously rep o rted term ite intercastes app ear to be m erely soldiers w ith wingbuds in a few species of th e prim itive K alo term itid ae an d worker-soldier intercastes in Reticulitermes (R hinoterm itidae) an d Nasutitermes sim ilis E m erson an d N . myersi Snyder (Term itidae).
T h e significance of term ite intercastes is discussed. T hey su p p o rt th e view of E m erson an d others th a t th e w orker caste arose phylogenetically from th e soldier. An explanation of th e origin of th e intercastes, an d their relation to theories of caste determ ination, m u st aw ait fu rth er advances in th e stu d y of th e la tte r problem .
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The dielectric capacity of electrolytes in mixed solvents: ion association in solutions of magnesium sulphate. By A. W. M a s o n and W. J. S h u t t . {Communicated by W. C. M.
Lewis, F -Received 16
E xperim ental details are presented for an im proved " force" m ethod to be applied to th e determ ination of th e dielectric constants of conducting liquids. P articu lar a tten tio n is devoted to th e m ethod of prep aratio n an d th e mode of testing of a platinized surface free from electrolytic polarization and, as far as possible, electrochemically reversible.
The dielectric properties of solutions of m agnesium sulphate have been m easured, a t low frequency (1000 cyc./sec.), over a range of dielectric constant from 37 to 110. The solvents were m ixtures of dioxan an d w ater (from 0 to 50 % dioxan) and solutions of urea in w ater (up to 9-0 m urea).
The experim ental d a ta m ay be interpreted in term s of th e B jerrum theory of ion association, after due allowance has been m ade b o th for th e D ebye-Falkenhagen effect of relative displacem ent of ion an d ion atm osphere, and also for th e solvent dipole satu ratio n effect postulated by Sack. R easonably steady values for the therm odynam ic association constants (Jfa) are obtained in each solvent. The values of K a indicate th a t the m ean diam eter of th e ion pairs is n o t a constant, independent of the dielectric constant of th e solvent; th e diam eter apparently falls from 5-8 A, in 50 % dioxan, to abo u t 3*7 A in 9 m urea.
The degree of orientation of dipoles b y th e ionic charges (the Sack saturation effect) increases w ith falling dielectric constant of th e medium. Possible reasons for these results are discussed.
This work supports th e view th a t th e behaviour of electrolytes is to be interpreted solely in term s of simple Coulomb forces; it is n o t necessary to invoke any specific effect due to th e chemical n atu re of tho solvent. The present paper is th e first of a series w hich aim s a t th e determ ination of th e level system s of substances in th e solid sta te , in a w ay as far as possible analogous to th e determ ination of th e level system of a n atom by spectroscopic inform ation on substances in th e gaseous state. I t is show n th a t, by th e use of soft X -ray spectra, in th e region 40-500 A, em itted from th e anticathode in an X -ray tube, this object is, to a large ex ten t, a tta in e d in th e case of elem ents; I hope subsequently to deal w ith th e case of chem ical com pounds. The general technique for obtaining such spectra, free from contam ination, is described. The effect of varying th e tem perature of th e substance has been investigated and, in th e case of a m etal, is shown to be directly related to th e M axwellian d istrib u tio n of th e conduction electrons. Therm al expansion of th e substance can also be detected spectroscopically. Several general characteristics of th e level system of a solid have been established directly; in particular, th e fundam ental difference betw een th e system s, m etals an d insulators. A discussion is given of th e valid ity of th e detailed inform ation supplied, and th e conclusion is reached th a t it is alm ost entirely reliable. Thus th e experim ental w ork also provides d a ta for a detailed analysis of th e level system of a p articu lar solid, containing only atom s of one type, in term s of th e crystal stru ctu re an d of an y other factors which m ay prove to be im p o rtan t. The present p aper deals w ith th e determ ination of th e size an d charge of single submicroscopic particles, m easured in a sm all horizontal condenser of a diam eter of approxim ately 8 m m . using th e a u th o r's m ethod, first sta te d in April 1910. To obtain th e highest sensitivity solid particles (spheres) were used of an order of m agnitude of 3 x 10-5 cm. an d found charges less th a n th a t of th e electron. Various objections were raised against his findings; nam ely, th a t th e particles investigated were n o t spheres, an d th eir density was n o t th a t of th e m acroscopic substance, so th a t his findings of charges less th a n th e electronic charge were m erely im aginary. I have succeeded in p recipitating an d m easuring a particle after having observed it in th e condenser under norm al, an d also very high gas, pressures. The p a r ticles were shown to be perfect spheres. A new m ethod is indicated w hereby it is possible to determ ine th e size of subm icroscopic spheres by pushing together two equal-sized spheres w ith a m icrom anipulator. The tw o diffraction disks overlap and render it very easy to determ ine th e actu al size. I t is also possible to show th a t the density of each individual sphere is th a t of th e m acroscopic substance, since it can be com puted easily from th e velocity of fall of high gas pressures (according to Stokes's law). These two results being accurately determ ined, th e au th o r still found charges considerably less th a n th e electronic ch arg e; further, th e deviations cannot be accounted for by errors of observation since th e deviations are too great. The reason for using a solid substance (red am orphous selenium) and not oil, a liquid, was in th e first place th a t liquids evaporate a n d therefore do n o t yield correct results, an d secondly, th a t liquid spheres are n o t certain to preserve th eir sphericity w hen precip itated .
T hus charges less th a n th a t o f th e electron are to be considered as actually existing. I t has been n o ted th a t th e charge, less th a n th e electronic as carried by a single particle, is ob tain ed w ith o u t a n y assum ption a b o u t th e atortiistics (quantization) of electricity or m a tte r. All th e o th er m ethods of determ ining th e elem entary charges yield only m ean values, a n d even those resu lt m erely from th e com bination w ith certain atom ic constan ts, nam ely, N , th e Avogadro num ber, P lanck's co n stan t h, and th e electronic m ass m.
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The thermal decomposition of gaseous benzaldehyde. By C. N. Hinshel- The th erm al decom position of benzaldehyde, which takes place predom inantly according to th e eq uation C8H 5CHO -> C6H 6 + CO, is homogeneous, and differs from th e corresponding reaction of acetaldehyde in th a t it is of th e first order above 100 m m ., an d is subject to p a rtia l inhibition by n itric oxide. The residual inhibited reaction shows a pressure dependence very like th a t of th e norm al acetaldehyde reac tion. T he activ atio n energy increases as th e pressure decreases.
The results can be explained b y assum ing th e superposition of a chain reaction an d of a m olecular reaction. T he order o f th e uninhibited reaction and the influence of nitric oxide a t different initial pressures of benzaldehyde indicate the probable m echanism of th e chain p a rt of th e decom position, which appears to involve the decom position of th e radical (JHO as an essential step. The paper describes th e results of m easurem ents of dielectric losses and their variation w ith tem p eratu re for some simple alkyl resins prepared by the condensation of aw-dibasic acids and aw-glycols.
The polym ers are know n to consist of long chains of the form
I t is found th a t w hen x an d y are both even, th is mucli sm aller th a n when one or b oth of them are odd. This is attrib u ted to the fact th a t w hen x an d y are b o th odd th e com ponents of th e dipole groups transverse to the chain are all in th e sam e d irectio n ; w hen one of them is odd and the other even they altern ate in pairs, and w hen b oth are even th e direction of the dipoles alternates so th a t any one dipole is situ ated betw een two others whose sense is in the opposite direction. 
-Received 12 Febru
T h e critica l p ressu re a t w hich th e slow deco m p o sitio n o f d ie th y l p ero x id e gives place to explosive re a c tio n h as been m e asu red a t d iffe ren t te m p e ra tu re s a n d in v ario u s vessels. O n th e basis o f th e th e o ry o f th e rm a l explosions (Sem enoff, F r a n k -K a m e n e tz k y ) a p ro d u c t R = ^ ^oun<^' w h ich fo r a sp h ere sh o u ld be 3-82, w hen th e p ressu re is th e lim itin g v alu e a t w hich ex plosion ju s t ta k e s place.
T h e e x p e rim e n ta l v alu es o f th e p ro d u c t w as a b o u t 7 0 % o f th is v alue, a n d sim ilarly th e use o f cy lin d rica l vessels led to a re s u lt low er in th e sam e ra tio . T h e p lo t o f log p / T 3 a g a in st 1 /T for a given vessel falls on a line o f slope E , th e E a p p ro x im a tin g to th a t found for th e u n im o lec u lar slow re a c tio n , w hich is in ac co rd w ith th e ab o v e as k = ze~E,RT. T h e c o n d u c tiv ity X , if in creased b y a d d itio n o f h y d ro g e n or h eliu m , does n o t a lte r p( th e c ritica l p ressure) in p ro p o rtio n , w hich m a y be d u e to inefficient en erg y tra n sfe r. T h e sam e co n sid eratio n s a re ap p lied to th e d a ta o f R ice et concerning az o m e th an e a n d e th y l azide.
T h e in d u c tio n p erio d o f th e explosion is show n to fit T o d es's fo rm u la. T h e h e a t o f d ecom p o sitio n w as ca lc u la te d from th e h e a t o f co m b u stio n . T he fo u rte e n en d -p a irin g se g m en ts o f Oenothera chrom osom es h av e been defined in te rm s o f th e ir p ro p e rty o f p a irin g a t m eiosis a n d th e w ay s in w hich th e y arc com bined in th e chrom osom es o f different g am etic com plexes. T h e co m p ariso n o f a n u m b e r of d ifferen t com plexes h a s led to th e follow ing conclusions co n cern in g th e ir s tr u c tu re in resp e ct o f th e en d segm ents o f th e ch ro m o so m es: 
Structural analysis of
Abstracts of Papers
S 19
excellens hfranciscana bpurpurata 1-2 3-4 5-6 7-10 8*9 1112 13*14 ublandina 1-2 3-4 5-6 7-10 8*13 9*14 1 M 2 blandina-A 1-2 31 1 4 1 2 5-6 7-10 8*13 9*14 blandina-Yi 1-4 2-3 5*6 7-10 8 1 3 9*14 11*12 latifrons 1-2 3-4 5-6 7-10 11*12 8*14 9*13 rvbricalyx-ct hdecipiens.
1*2
3-4 5-6 7-14 8-13 9*10 11*12 rigens 1*2 3-4 5-6 7 1 2 8 1 4 9*10 11*13 gaudens rube,ns 1*2 3-11 4-9 * 6*0 7*12 8*14 10*13 flectens 1-4 2-3 5*7 6*10 8-9 11*13 12*14 albicans 1-4 2-14 3-6 5*7 8*9 10*12 11*13 curvans 11 4 2-3 4-6 6*13 711 8*9 10*12
The value of th e analysis in relation to evolutionary and genetic studies of these p lan ts is pointed out. The th ree E uropean species Lamarckiana, suaveolens and biennis are related in o rig in ; each of th e first two of these has a complex in common w ith biennis* b u t a different one in each case. The common complexes are identical in gross stru c tu re an d very sim ilar in gene content. A prelim inary genetic m ap of Lamarckiana has been draw n and a com plication in th e origin of new alethal complexes from Lamarckiana laid bare. The alim entary canal of Lumbricus exhibits autonom ous rhythm ic m ovem ents co-ordinated by nerve elem ents situ ated in its walls.
The g u t is subject to indirect control by extrinsic nerves which fall into two groups, m utually antagonistic in their effects. Nerves which augm ent the tone of th e g u t muscles leave th e central nervous system by th e m iddle and posterior nerves of each segm ent and join a plexus of nerve elem ents situ ated in the peritoneum of the body wall from which nerves pass to enter the g u t by the ventro-lateral regions of each septum . Nerves which dim inish th e tone of th e g u t leave the central nervous system by th e anterior, m iddle, and posterior nerves of each segm ent and join a plexus of nerve elem ents situ ated in th e m uscular layer of the body wall, from which nerves arise which enter th e g u t via th e dorso-lateral regions of each septum .
By th e uses of nicotine bo th augm entor and inhibitor nerve pathw ays are shown to include nerve cells. The action of sym patheticom im etic and parasym patheticom im etic drugs on th e g u t of Lumbricus is discussed, and evidence is presented showing th a t the augm entor nerves are cholinergic, and the inhibitors possibly adrenergic. A substance w ith th e pharmacological properties of acetyl-choline can be extracted from th e tissues of th e earthw orm . A nother substance capable of destroying acetyl choline (choline esterase) is shown to exist in th e earthworm .
T he alim en tary canal receives an o th e r nerve su pply from th e p erip h ary n g eal com m issures of th e cen tral nervous system b y m eans of a nu m b er of fine plexiform nerve elem ents p a rtia lly em bedded in th e p hary n g eal m usculature of eith er side (" pharyngeal p le x u s" ). T he an atom ical relationships o f these nerves are described.
The pharyngeal plexuses are show n to em body nerve elem ents w hich also ex ert an indirect control over th e g u t. S tim ulation o f these nerves results in dim inution of th e to n e of all regions of th e g u t beh in d th e p h ary n x .
T he nerve supply of th e g u t is com pared w ith th a t w hich is know n in o th er annelids, an d th e m echanism of in direct control is com pared w ith th a t existing in v ertebrates.
T he significance of th e results in relatio n to recent w ork on chem ical tra n sm itte rs in inv erteb rates, an d to th e problem o f th e evolution of th e autonom ic nervous system , is discussed. The efficiency of th e vector M yzu s persicae in tra n sm ittin g sugar-beet yellows virus increased g reatly w ith increasing feeding tim e on th e infected p lan ts. Infection was produced on a succession of h e a lth y p la n ts for I, 2, or 3 days depending on th e length of th e infection feeding tim e. T he in fectivity of th e vectors increased w ith increasing feeding tim e on th e h e a lth y p la n ts undergoing infection, an d decreased w ith increasing feeding tim e on h e a lth y p la n ts prior to those on which th e infection tria l was m ade. There was no clearly defined " incubation p e rio d " of th e virus in th e vector, below w hich no insect could cause infection, b u t th ere was v ariatio n in th e tim e betw een cessation of infection feeding o f th e aphis an d th e in itiatio n of infection in th e h ealth y plan ts.
The relations of th is virus w ith its v ector differ from those of th e viruses already described as non-persistent. F o r th e la tte r viruses infectivity is lost by M . persicae soon a fte r cessation of infection feeding. A fter fasting th e vectors become optim ally infective alm ost im m ediately on p e n etratin g infected tissues o f th e leaf. T heir infectiv ity decreases w ith increasing feeding tim e on th e infected p lan ts, an d increases only slightly w ith increasing feeding tim e on th e h ealth y p lants.
The behaviour of sugar-beet yellows v irus is com pared w ith th a t of curly-top virus of sugar beet, in which infectivity also persists for an indefinite period in th e vector an d increases w ith increasing feeding tim e on infected an d h ealth y plants.
